Electricity by Hubber, Peter & Kirkwood, Valda
          Deakin Research Online 
 
This is the published version: 
 
Hubber, Peter and Kirkwood, Valda 2012, Electricity, in Teaching primary science 
constructively, Cengage Learning Australia, South Melbourne, Vic., pp.143-173. 
 
Available from Deakin Research Online: 
 
   http://hdl.handle.net/10536/DRO/DU:30045203  
 
 
 
Every reasonable effort has been made to ensure that permission has been obtained for items 
included in Deakin Research Online. If you believe that your rights have been infringed by 
this repository, please contact drosupport@deakin.edu.au 
 
 
Copyright:  2012, Cengage Learning Australia. 
Introduction 
This chapter deals with a topic that is very familiar to teachers and students alike. Electricity is very 
much part of our daily lives and yet very few people assert a confidence in having a scientific 
understanding of what happens within the electrical devices that are used on a regular basis. From 
this perspective, 'the conceptual area of electricity is one which presents considerable challenge 
to both prospective and practising teachers' (Heywood and Parker 1997, p. 869), given that most 
primary science curricula include content related to electricity. The first part of this chapter 
discusses the scientific meanings of terms associated with electricity within the context of 
explaining a simple electric circuit as can be found in torches. An outline of students' 
understandings of electric circuits follows. 
This chapter also includes the story of how Catherine, who felt she had insufficient background 
knowledge, taught electricity to her years 3 and 4 composite class (eight- to nine-year-old girls 
and boys) using the context of torches, an everyday piece of technology with which the children 
were familiar. Particular consideration is given in this chapter to the main components of the 
approach - interactive teaching - used by Catherine. 
Finally, this chapter describes ways in which the teaching and learning of the topic of electricity 
reflect 'science as a human endeavour'. Following the summary, this chapter then lists concepts 
and understandings for primary teachers, to be used in framing the teaching and learning 
experiences students will have in the topic of electricity. 
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Teachers' and scientists' understandings 
of electricity 
The study of electricity in schools is usually in two main areas that are described as static 
electricity and current electricity. Static electricity deals with the separation of electric charges 
that occur in phenomena such as lightning and the shocks one may receive from touching a 
doorknob, or another person, after walking on carpet. Static electricity is not as relevant to our 
daily lives as current electricity. Current electricity relates to the motion of electric charges and 
deals with many aspects of our lives, such as the operation of electrical devices in the home (e.g., 
lighting, toasters, refrigerators and lawnmowers) . Current electricity plays an important part in 
communication through the telephone, television and computer, and manufacturing goods 
(most industries rely on electric motors). The focus of this section will be on current electricity 
and the development of an understanding of simple electric circuits as can be found in torches. 
Electricity is very much a part of our daily lives, a fact that is brought home to us in times 
when power blackouts occur. Due to our daily experiences with electricity, scientific terms 
such as 'electricity' , 'power', 'current' and 'energy' are part of our everyday language. However, 
the meaning given to such terms by people are often quite different to those accepted by the 
scientific community. This may lead to confusion in the minds of learners as electrical terms 
are introduced and discussed in the classroom. 
High on the list of terms with several everyday meanings is the term 'electricity' itself. For 
example, a dictionary definition of electricity gives two different scientific views of the term: 
1 a fundamental form of kinetic or potential energy created by the free or controlled 
movement of charged particles such as electrons, positrons, and ions. 
2 electric current , especially when used as a source of power. 
World English Dictionary 1999 
The first definition equates electricity with a form of energy, while the second definition 
equates it with current. When three separate classes of primary school children were asked 
their ideas about electricity, there was a Significant number of students who associated 
'electricity' with 'power', as the follOwing quotes indicate: 
Electricity is power from water high in the mountains (Year 2) 
Electricity is the power that is in the lights (Year 3) 
Electricity is a power that makes things work like lights, stoves, microwaves, telephones 
and heaters (Year 4) 
Is 'electricity' current, power or energy? From a scientific perspective, it is not any of these 
terms. The term 'electricity' only refers to a field of science or class of phenomena in the 
same way the words 'physics' or 'optics' are used. Therefore, in teaching about simple electric 
circuits it is best to refrain from using the term 'electricity' in your explanations as it can be 
interpreted in a number of ways by the students. However, it is important to discuss with 
students the different everyday uses of the term 'electricity.' When students use it in 
explanations of electrical phenomena, or when it is used in textbooks, videos and other 
resources, the teacher needs to ask, 'What meaning of electricity is being used here?' 
CHAPTE R 4 Electr icity 
The discussion of other terms relating to electricity will be undertaken within the 
context of the operation of a torch in the following sections. But before having this 
discussion, it is important to clarify your own understanding of electricity by completing 
activities 4.1 and 4 .2. 
Activity 4.1 Meanings given to electrical terms 
• Write down what you understand the 
following terms to mean: electricity, 
voltage, current, energy and power. 
Compare your understandings with 
others. 
• Look at different dictionary and science 
textbook definitions of electricity, voltage, 
current, energy and power. What 
understandings of these terms do you gain 
from reading these? Do any of them 
connect with your understandings? Do any 
of the definitions give conflicting views? 
Discuss and compare your findings in this 
activity with others. 
• In the Australian national curriculum, the 
topic of electricity is to be taught in upper 
primary years with a particular science 
understanding for students, stated as 
'Electrical circuits provide a means of 
transferring and transforming electricity'; 
and 'Energy from a variety of sources can 
be used to generate electricity' (ACARA, 
2011). What meaning is being ascribed to 
the term 'electricity' in this statement? 
Activity 4.2 Torch-drawing and making 
• Draw a torch, label it and indicate on the 
drawing how you think the torch works. 
• Using the equipment list in Appendix 4.1 
(see p. 171), design and make a torch that 
works. 
• Now, if necessary, draw another picture of 
the torch, showing how it works. 
How a torch works 
• Can you identify the differences between 
your first and second drawing of the torch? 
What are they? Do the changes indicate 
you have learnt something? If so, what? 
• Has the experience raised some questions 
for you? What are they? 
This section explains the operation of a torch using the concepts and understandings for primary 
teachers listed at the end of this chapter (see p. 169). The main components of a torch include a 
battery or series of batteries, connecting wires, a switch and a light bulb inside a parabolic mirror. 
Figure 4.1 shows two representations of a torch. One is a schematic view of the torch and the 
other is a symbolic representation, called a 'circuit diagram', which uses standard symbols for 
each component - refer to Appendix 4.2 on p. 171 for a list of symbols that represent other 
circuit components. The circuit diagram is the conventional representational form that is used 
by experts to communicate the layout of electrical systems. Besides being used for 
communication purposes, circuit diagrams are also used as a problem-solving and reasoning tool. 
The torch will operate when the switch is closed. If you refer to the schematic view of the 
corch in Figure 4.1, you should notice that when the switch is closed, a complete (unbroken) 
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FIGURE 4.1 Schematic view and circuit diagram of a torch 
pathway, or one complete loop, is created that includes the wire, batteries (also called cells), 
switch and the filament in the bulb (see how the pathway leads up the centre of the bulb, 
through the filament and out the side of the bulb). Such a pathway is called an 'electric 
circuit', or more precisely, a 'closed circuit'. It is this pathway that is re-represented in the 
symbolic representation of the circuit diagram. 
The complete loop can have a different order for the positions of the switch, bulb and wire 
and the torch will still work. The batteries can be placed in various positions as well but must 
be connected so that the positive ends or the negative ends of the batteries are not in direct 
contact. You may have noticed this yourself when placing batteries into an electrical device. If 
they are not placed in the correct order the device will not operate. If the loop is disconnected 
at any point, then the arrangement is called an 'open circuit'. The bulb will not glow in an 
open circuit. 
Activity 4.3 Exploring a torch 
This activity involves you investigating the 
operation of a torch . For this exploration 
activity, you will require: 
• a working torch and an old torch that can 
be pulled apart 
• an old torch bulb or a household bulb 
• a new battery and a 'dead' battery. 
Dismantle the working torch. Determine for 
yourself the following. (If the observations are 
difficult to make then you may need to destroy 
an old torch.) 
• A wire or metallic strip connects the 
battery(ies}, bulb and switch in a complete 
loop. 
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• If there is more than one battery, how are 
they arranged? What voltage is written on 
the side of each battery? 
• What is the mechanism of the switch for 
opening and closing the circuit? 
• Look at the bulb. What labelling is present 
on the side? What does it mean? 
• What is the placement of the bulb in 
relation to the curved mirror? Is this 
important? Why have a curved mirror? 
Destroy an old torch bulb (a nonnal 
household bulb may be easier) to detennine for 
yourself that: 
Electricity is e lectrons 
• there is a conducting path from the base of 
the bulb through the filament to the 
side of the bulb 
• the metallic base of the bulb is separated 
from the side of the bulb by insulating 
material. 
Cut open a new and a dead battery 
lengthways (be careful undertaking this task as 
the substances inside are corrosive). What 
similarities and differences do you observe 
between the new and dead battery? 
Torches light up their surroundings - they transform the energy stored in the battery into 
light, which travels outwards from the torch and is reflected from objects back to our eyes. 
Energy is generated in the battery by a chemical reaction and is referred to as 'chemical 
energy' . This energy ultimately gets transformed into light and heat energy at the bulb. 
However, the battery and the bulb are usually some distance apart and so we need to 
consider how that energy gets t ransferred from the battery t o the bulb . To understand how 
these energy changes can take place, we need to consider the requirement of having a closed 
circuit which contains a pathway made of metal. 
The energy is carried by very tiny particles called electrons . These particles are part of all 
atoms that make up all substances, including the wires in the closed circuit. While electrons 
are part of all substances, they are generally not free to move away from the atoms they are 
attached to, except in some substances such as metals. Metals are part of a group of 
substances known as 'conductors' that contain electrons that are free to move; these electrons 
are referred to as 'free electrons'. Substances that contain electrons that are not free to move 
are called 'insulators'. A good example of an insulator is a material made out of plastic. 
The function of the battery in the torch 
To understand how the free electrons in the wire get energy from the battery, we need to 
consider what happens in the battery when a closed circuit is formed. The battery contains 
different chemicals that will undergo a chemical reaction when the closed circuit is formed. 
During the chemical reaction, electrons move away from one of the substances to the other 
via the closed circuit. Therefore, the chemical reaction in the battery creates movement of the 
free electrons in the closed circuit. The batt ery may be considered to provide the push to 
move the electrons. However, if the closed circuit gets broken, the battery no longer provides 
a push to the electrons as the chemical reaction ceases. 
. The chemical reaction provides a push on the free electrons in the wire by creating an 
electric field. We can think about how an electron behaves in an electric field by likening it to 
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FIGURE 4.2 Movement of electrons in a closed circuit 
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how objects behave in a gravitational field, or gravity. The Earth creates a gravitational field 
that will attract objects to its surface, even though the objects may be kilometres away. 
Imagine if you could turn off gravity by using a switch. This would result in objects being 
suspended in the air. Switching on gravity would result in all the suspended objects moving 
at once. While we cannot turn off gravity, we can turn off electric fields . Once the closed 
circuit is formed, the chemical reaction begins, which creates an electric field all along the 
circuit resulting in all the free electrons moving simultaneously. Breaking the closed circuit 
stops the chemical reaction, ceasing the electric field and the free electrons. 
The electric field is created in only one direction . This direction is from the negative 
end, or terminal, of the battery (flat end) around the closed circuit, towards the positive 
terminal (end with a bump). The electrons are pushed in the direction of the electric field 
(see Figure 4 .2) . 
The idea that a battery creates an electric field in one direction in the wire explains the 
need to place two batteries into a circuit (see Figure 4.3) in a particular way. The batteries 
should be connected so that the positive terminal of one battery connects to the negative 
terminal of the other. In this way, the electric fields that are created by each battery result in 
the electrons moving in the one direction. In the arrangement of the batteries shown on the 
right-hand side of Figure 4.3, each battery will create an electric field in opposite directions 
-resulting in no movement of the free electrons. 
The voltage of the battery gives a measure of the strength of the electric field that pushes 
the free electrons around the closed circuit. Therefore, a 6-volt battery will give four times the 
push on the free electrons than a 1 .S-volt battery. This has the effect of not only increasing 
the flow of electrons in the closed circuit, but also the amount of motion energy each free 
electron receives. The flow of electrons is called an 'electric current' . Therefore, the greater the 
voltage of a battery in a closed circuit, the greater will be the electric current . 
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FIGURE 4.3 Arrangements for two batteries in a torch circuit 
Energy transformations and transfers in the torch 
The section above explained how the battery is responsible for the movement of free 
electrons in a closed circuit. Using this information, we can explain the energy 
transformations that occur in the torch. The energy in the chemicals of the battery (chemical 
energy) is transformed into motion energy of the electrons. As they speed around the closed 
circuit, they collide with the atoms in the filament in the bulb, thus transferring their motion 
energy to the atoms. This causes the atoms to vibrate. The vibrating atoms transform their 
motion energy into heat and light energy. 
It should be noted that all the energy the free electrons receive is not transferred to the 
atoms in the bulb. The electrons also collide with atoms in the wire and the battery, giving 
these atoms motion energy. This results in the wire and the battery heating up slightly. It has 
been mentioned above that the voltage of the battery gives a measure of the push, and the 
amount of motion energy, given to the electrons. This means that if the batteries in the torch 
circuit were to be replaced by batteries of larger voltage, then the bulb will be brighter, as 
more energy is being t ransformed. However, in practice, this may result in the bulb blowing, 
as bulbs are designed for specific voltages to operate correctly. 
Electric current, resistance and power in the torch 
The voltage of the battery, being related to the electric field, affects the size of the current; 
the greater the battery voltage, the greater the resultan t current in the circuit. The size of the 
current is also affected by the ease with which the free electrons are able to move in the 
circuit. In the torch circuit, the @ament does not provide an easy path for the free electrons 
as the wire of which it is made is much narrower than the other wires in the circuit. Because 
of the narrow path, the free electrons have most of their collisions in the filament, which 
means most of the energy coming from the battery is transformed in the filament. 
The property of a substance that restricts the path of free electrons moving through it is 
called the 'resistance'. A closed circuit that contains a high resistance will have fewer moving 
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free electrons than a circuit with a low resistance. In other words, a closed circuit with a high 
resistance will have a small current, while a closed circuit with a low resistance will have a 
large current. In general, the size of the current in the circuit depends on the resistance in the 
circuit. 
A quantity that is used when discussing electric circuits, and which is used in everyday 
speech, is 'power' . Power relates to the rate at which energy is transformed in the electric 
circuit. The unit of power is the watt, where 1 watt represents 1 joule of energy being 
transformed per second. For example, a household light bulb rated at 100 watts will 
transform 100 joules of electrical energy into light and heat energy for every second that the 
light bulb is operating. 
Energy, voltage, current, resistance and power: the 
connections 
The torch circuit explanations given above have referred to such quantities as energy, voltage, 
current, resistance and power. All these quantities are related. These relationships can be 
summarised as: 
The battery voltage determines the amount of energy given to each electron; the higher 
the voltage, the greater the energy. 
The battery voltage and resistance in the circuit determine the size of the electric current; 
greater currents occur with larger battery voltages and/or less circuit resistances. 
The amount of energy transformed at the bulb depends on the amount of resistance the 
bulb has compared to the rest of the circuit. In a torch circuit, most of the free electrons' 
energy gets transformed in the bulb as it has most of the circuit resistance. 
The rate at which energy is transformed in the electric circuit is the power. 
Sending out the light beam in the torch 
The bulb in the torch emits light in all directions. However, a directed beam is needed for an 
effective torch. The mirror produces this directed beam by reflecting all light that reaches it 
from the filament in much the same direction. To achieve this, the filament is placed at the 
point known as the focal point of the mirror. Figure 4.4 illustrates what happens - notice 
that at each point at which the light hits the mirror, it is reflected in a symmetrical way so 
that the labelled angles are equal. (These mirrors can also be used in reverse, concentrating 
parallel beams of light onto one point; some telescopes incorporate this idea.) 
Different types of circuits: series and parallel 
The torch circuit is only one type of simple circuit that can be made with wires, switches, 
batteries and bulbs. There are two types of circuits, described as series circuits and parallel 
circuits. The torch circuit is an example of a series circuit in that the conducting path that 
includes the batteries, bulb, wires and switch makes a Single loop. One can have any number of 
batteries, bulbs, wires and switches. In a series circuit, the only condition is that there is only 
one conducting loop. The parallel circuit is one that contains more than one conducting loop. 
Consider the two circuits shown in Figure 4.5. Both circuits contain a battery, wire and two 
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FIGURE 4.4 Reflected light from a torch mirror 
bulbs. However, the circuit on the left contains one conducting loop, and so is a series circuit, 
while the circuit on the right contains two conducting loops, and is therefore a parallel circuit. 
Even though the two circuits shown in Figure 4.5 contain the same components, there 
will be different outcomes as to the brightness of the bulbs. The following observations are 
made for these circuits: 
The bulbs in the series circuit are less bright than the bulb in the torch circuit; the battery 
will last longer in the series circuit than the one in the torch circuit. 
The bulbs in the parallel circuit are the same brightness as the bulb in the torch circuit; 
the battery will not last as long as the one in the torch circuit. 
The two-bulb series circuit observations can be explained by the existence of one 
continuous conducting loop. The battery supplies the same amount of energy, as determined 
by the battery voltage, to each of the electrons in this loop. In the torch circuit, most of 
this energy is transformed in the single bulb (some is transformed in the wires), but in the 
Series circuit Parallel circuit 
FIGURE 4.5 Series and parallel circuits 
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• 
two-bulb series circuit, most of the energy will be shared among both bulbs (in any loop, the 
energy supplied by the battery is transformed in all resistances in proportion to their size). In 
addition, the two bulbs nearly double the resistance in the loop and so the current will be 
halved (half as many electrons flowing per second). Therefore, the dual effects of less current 
and sharing of energy will result in each bulb in the two-bulb series circuit receiving about 
one-quarter the en ergy received by the torch bulb. As a result, each bulb in the two-bulb 
series circuit will be less bright than the torch bulb. The smaller current means less electrons 
flowing per second to the battery and so the battery's chemical reaction will run slower (and 
for longer) in the two-bulb series circuit than in the torch circuit. This means that the two-
bulb series circuit battery will last longer. 
The parallel circuit contains two battery loops in which each loop contains one battery and 
one bulb. The battery sets up electric fields in both loops. If one considers that each loop 
operates independently of the other, then the parallel circuit is just two torch circuits. For 
each loop we apply the rule that in any loop, the energy supplied by the battery is 
transformed in all resistances in proportion to their size. As the loop contains only one 
battery and one bulb, then the current and bulb voltage will be the same as in the torch loop. 
Therefore, the bulbs in the parallel circuit will be just as bright as the bulb in the torch circuit. 
However, the difference between the parallel circuit and the torch circuit is that the current 
flowiilg into and out of the battery of the parallel circuit will be twice that of the torch circuit. 
The one wire from the battery feeds into two branches, each containing a bulb, and then 
feeds back into the one wire back to the battery. The free electrons from the battery separate 
into both branches of the parallel circuit. This is similar to how water flows into branched 
pipes of an irrigation system. The greater current in the parallel circuit will mean the battery 
in this circuit will die more quickly than the battery in the torch circuit. 
Examples of household appliances that employ series and/or parallel circuits are Christmas 
tree lights and electric blankets. Christmas tree lights are manufactured as one of two types 
of circuits. In one type all the bulbs are in series, and in the other type all the bulbs are in 
parallel. Can you think of any disadvantages or advantages of these types? Electric blankets 
are made with two resistance wires (one wire is longer than the other) sewn into the blanket . 
A switch, with different heat settings, is connected to the wires in such a way that one setting 
connects one of the resistance wires in a complete circuit, another setting connects the other 
resistance wire to make a complete circuit, and another setting connects both wires to make a 
parallel circuit. Which circuit arrangement would match each heat setting? Can you draw a 
circuit diagram that shows the two resistance wires and the switching mechanism? 
Activity 4.4 Concept map 
You are now in a position to discuss the terms 
listed in Activity 4.1 ('electricity', 'current', 
'voltage', 'energy' and 'power'; see p. 145). How 
does your understanding of these terms differ 
now? 
Construct a concept map using each of the 
terms 'battery', 'wires', 'switch', 'circuit', 'open 
circuit', 'closed circuit', 'series circuit', 'parallel 
circuit', 'electron', 'voltage', 'current', 'ampere', 
'voltage', 'power', 'resistance', 'energy', 
'chemical energy' and 'light energy'. 
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Activity 4.5 Testing your understanding of electric circuits 
For this activity you will need to access 
the journal article by Lee and Law (2001) . 
It contains a test (p. 130) designed to 
elicit students' alternative conceptions 
of electric circuits . It consists of nine 
problems drawn from published studies 
that were known to elicit alternative 
conceptions. 
Use the ideas discussed in this section to 
answer the first five questions. Keep in mind 
that if there are any changes to a circuit in 
terms ofresistance, then you need to consider 
what changes occur in current and voltage 
over the whole circuit. 
The answers to these questions are in 
Appendix 4.3 (see p. 171). 
Students' understandings of electricity 
There has been considerable research in to children's understanding of electricity - for 
example, Georghiades (2004), Jaakkola and Nurmi (2008), Keinonen (2007), Osborne 
et al. (1990), Osborne and Freyberg (1985), Pilatou and Stavridou (2004) and Shipstone 
(1985). There have also been studies that have explored preservice and practising 
teachers' understandings of electricity - for example, Buck et al. (2007), Mahapatra 
(2006), Mulhall, McKittrick and Gunstone (2001) and Pardham and Bano (2001) . This 
research indicates that people have a view that there is a source, such as a battery, and a 
consumer, such as a bulb or a motor. From this perspective, Shipstone (1985) suggests 
that people believe that 
Electricity, current, power, volts, energy, 'juice', or whatever, is stored in the source and 
flows to the load where it is consumed. The battery is usually seen as the active agent or 
'giver' in this process, with the load being the 'receiver', but it is also common to find the 
load regarded as the active agent, as a 'taker', drawing what it 'needs' from the battery. 
Maixhle 1981, cited in Shipstone 1985, p. 35 
For many who have received instruction in electricity, the thing that gets used up is often 
associated with electric current. For a circuit that contains a battery and a bulb, the following 
models were found (see Figure 4 .6). 
1 Clashing currents model - The current from each end of the cell clashes in the bulb to 
provide the light (see A in Figure 4 .6). 
2 Consumption model - Some of the current from one end of the cell is lost as it passes 
through the bulb (see B in Figure 4.6). 
3 Source-sink model - The second wire is unnecessary (see C in Figure 4.6) as current from 
one end of the battery is used up in the bulb. 
4 Same current model - The current remains uniformly the same at all points in the circuit 
(see D in Figure 4.6). 
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FIGURE 4.6 Different mode ls of how an electric current works 
Activity 4.6 Models of electricity transfer and electric current 
This activity involves an evaluation of different 
models of electricity transfer and electric 
current. 
• Which model best represents the way you 
think about how an electrical current 
works? 
• Devise tests to check each of the ideas 
listed. 
• Check them out. 
• Which model do you think is best now? 
• Ask other people what they understand by 
the term 'electrical current' and how they 
think it works. 
• What similarities or differences can you 
find in the way other people think about 
electrical current and the way you think 
about it? 
CHAPTER 4 Electricity 
CASE STUDY 
Applying an interactive teaching approach 
This section detai ls the different stages in an interactive 
teach ing approach adopted by a teacher named Catherine 
with her years 3 and 4 composite c lass (eight- to nine-year-
old girls and boys) . In teaching electricity, Catherine used 
the context of torches, an everyday p iece of technology with 
which the children were familiar. 
Preparation: choosing the 
approach 
Catherine decided she wanted to use an interactive 
teac hing approac h (Biddulph and Osborne 1984, see the 
onl ine Appendi x 4.4; Fleer, Jane and Hardy 2007). She 
was aware it was an approach that co uld incorporate other 
teaching ap proac hes, such as process, discovery and 
transmission (Biddulph and Osborne 1984; Fleer, Jane and 
Hardy 2007; Kirkwood 199 1) wi th in its framework. 
Appendix 4.4 
Interactive teaching 
approach 
An interactive teaching approach 
is an approach that uses focus 
activiti es to elicit ch ildren's 
question s, which are then 
investigated to find answers. The 
approach is ca lled interactive to 
convey 'the sense of an interchange of talk among people 
who respect each other's ideas. From a teacher's point of 
view, this begins with a genui ne desire to know what a 
child thin ks (a nd why) ' (Biddulph and Osborne 1984, 
p. 13). Teachers are expected to 
• 
• 
• 
• 
• 
identify children 's present ideas 
provide ch ildren with stimu lating experiences either 
to confront and exp lore those ideas or as a basis for 
developing ideas 
help children develop, clarify, modify and extend 
their ideas through seeking answers to questions or 
through checking proposed answers 
encourage children to reflect criti ca lly on how they ca me 
by an idea and whether it is a sensible and useful one 
assist ch ildren to communicate their developing 
ideas 
help children rea lise their explanations of why th ings 
behave the way they do and that they are frequently 
neither 'right' nor 'wrong'; rather, they are consistent 
with the evidence or inconsistent, usefu l or less useful , 
plausible or implausib le, intelligible or unintelligible 
• convey to ch ildren awareness that their genuine 
ideas are valued . 
Biddulph and Osbourne 1984. p. 13 
The various elements of the interactive teach ing 
approach described are consistent with t he changes in 
emphases in conceptua l change processes outlined in 
Chapter 1 (see the section 'How effect ive is constructivist 
teach ing?' on p. 33). The types of student engagement with 
sc ience embedded in t his approach map very well with the 
discursive practices of the sc ience community. 
Preparation: choosing the topic 
Cath erin e had ta ught environmental and biologica l topi cs, 
but had avoided teaching physical sc ience topi cs. She 
decided th e time had come for her to overcome her fear of 
teaching in areas where she felt she had insufficient 
background knowledge. She was co nscious that the lack of 
opportun iti es for learning in sc ience had a negative impact 
on children's growth and development and on their li fe 
choices. The professional development course in which she 
had been introduced to the interactive teaching approach 
had focused on the topic of electrici ty. With the support of 
one of the authors, Valda , she decided to teach electricity 
in the context of torches, since they were part of the lives of 
the child ren she was teaching. 
Exploration: beginning the topic 
Before actually teaching the top ic, Catherine did a lot of 
read ing to further deve lop her own understandings. She 
planned the topic and sought resources to support her .. 
plan: for example, lots of books and posters from V 
libraries and resource centres, which she put up on the 
walls around the c lassroom . Table 4.1 provides an 
overview of the topic as a whole. 
At th e start of the topic, Catherine ca lled the class 
together on a mat and began signall ing in Morse code using 
a to rc h. She asked the chi ldren if t hey knew what she was 
doing. It was not a phenomenon any of them had 
experienced, so Catherine talked with them about how 
peop le used to commu nicate across distances before the 
invent ion of the telephone. She put up a poster of Morse 
code (see the on line Append ix 4.5). The children had to 
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TABLE 4.1 Overview of Catherine's torch unit 
LESSON CONTENTS 
1 Introduction to electricity unit with a torch 
flashing Morse code 
2 Pretorch drawing. Designing and making a 
torch. Post-torch drawing. Questions arising 
3 Investigating questions; for example, 
completing or redesigning torches, circuit 
making 
4 Electrician's or scientist's circuit language and 
symbols. More circuit making, including 
switches 
5 Incorporating ammeters i nto circuits 
6 Investigating conductors and insulators 
7 Visit from an electri cian parent 
8 Science party: circuit game, spelling, science 
game, practical assessment, magic show, food 
Appendix 4.5 
Morse code 
work out what it was she was 
comm unicating. They were very 
excited when they discovered it was 
one of their names being transmitted 
by the light energy. This initial 
activity was designed to set the context and gain students 
interest (refer to the ''' Hot'' conceptual considerations: 
student engagement' sect ion of Chapter 1, on p. 25). 
Exploration: focusing activity 
In order to establish the children 's prior ideas, Catherine 
asked them how they thought a torch worked and 
suggested they each draw a pictu re of a torch , labe ll ing all 
the parts and incorporating the torch's workings, a strategy 
she had used before with the class. Catherine reiterated 
aspects of drawing and labelling diagrams that she had 
gone through with them on previous occasions. 
She stressed the importance of clarity of drawing and 
labelling to communicate their understanding to another 
person. Annotated drawing has been found to be very useful 
in many facets of science learning (Georghiades 2004), as 
well as in other curricu lum areas. It is one way of elicit ing 
children 's preconceptions (Glynn 1997). Georghiades 
(2004) , in working with Year 5 students in the topic of 
electricity, found that annotated drawings were useful in 
enabling students to represent their understanding. 
Chi ldren visually representing their ideas form an important 
aspect of a multimodal approach to teaching and learning 
science (Kress et al. 2001; Lemke 2004). 
Fo llowing that introduction, Catherine provided 
materials (see Appendix 4.1 on p. 171) for the children to 
design and make their own torches, either on their own or 
in groups. A systematic description and analysis of 
c lassroom grouping practices can be found in Baines, 
Blatchford and Kutnick (2003). These researchers are part 
of a major project called SPRinG (Social Pedagogic 
Research into Group-work; see http ://www.spring-
project.org.uk), the aim of which is to enhance the learning 
potential of students working in classrooms. Strategies to 
support group work in primary classrooms, espec ially 
cooperative learning, are also explored in Galton and 
Williamson (1992) . In addition, each of the units within 
Primary Connections (AAS 2005) explicitly refers to group 
work within their introductions and appendices. 
The children were allowed to deve lop and make their 
own designs. Catherine went around the groups and helped 
where necessary. During these interactions with the 
children, Catherine focused on the children 's ideas. This 
included getting chi ldren to articulate their own ideas, 
communicating other children 's ideas, challenging 
children 's ideas, getting children to challenge each other's 
ideas in non-threatening ways, and seeing if chi ldren could 
link what they were doing to what they already knew and to 
what they had previously experienced. She also acted as a 
naive invest igator herself, asking questions like ' I wonder 
why .. . ?' and 'I wonder what would happen if .. . ?'. During 
these interchanges, a lot of va luable information surfaced 
regarding children's considerable experiences with 
electricity, such as the girl who had her own mobile phone , 
with its battery, and the boys who had considerable 
experience with putting circuits together during their 
playing with, for example, Lego . 
By the end of the torch making, some interesting 
designs had developed . Catherine was very surprised to find 
that one boy in particular, who appeared to have little 
aptitude for learn ing in any other curricu lum area, designed 
in a very short time an elegant torch that worked . Without 
this experience of seeing that child 's capability in the torch 
making, Catherine was sure she would have finished the 
year of teaching still unaware of his abilities and knowledge 
in this area. For Catherine, it was a convincing argument for 
continuing to teach physical science in her primary school 
classroom. 
After this challenge, children were asked once again to 
draw how they thought a torch worked (see Figure 4.7 for 
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What happens if you have somethi ng covered with plasti c and the power po int? 
Solar power - what is it? 
Why don't birds standing on power l ines get electrocuted? 
Why ca n't peop le go under trees when it 's I ightni ng? 
What makes t hings blow up? 
How do batteri es work? 
What's inside a battery? 
How does a wire work? 
How does electri c ity get through things? 
What thi ngs wil l electri ci ty go t hrough? 
What things won 't it go through? 
What is ins ide a globe that makes it l ight up? 
Can I make three globes light up at once? 
How does lightn ing/electric ity work? 
What is electricity? 
Is electri ci ty and lightning the same? 
Who made electri c ity? 
Was it t he person who made the f irst l ight globe? 
Is electri c ity from a battery the same as electric ity from the switch? 
How much power is there in one volt? 
Why do we have to get out of the swimming pool when it's stormy? 
What is a volt? 
FIGURE 4.8 Torch questions from the years 3 and 4 composite class (eight- to nine-year-old girls and boys) 
one ch ild's pre- and post-torch drawings). Pre- and 
post-task or topic drawing can be used very successful ly as 
an assessment strategy. It should be noted th at there was a 
signif ica nt increase in the accuracy of chi ldren's spel ling 
between t he f irst and second drawings. In their f irst torch 
drawing, children spelt many of the torch components in a 
variety of ways (for example, wiers, wiyess and woes for 
wires; glob, bowlb and bo lb for globe and bulb; batere, 
bateries, batters, batt ri es, batery, batires an d batt ri se for 
battery; swich and swith for switch) . During this section of 
the teac hi ng, Catherine emphasised through work on the 
whi teboard the need for correct spelling of t he labels on 
diagrams. Throughout , she to ld the chi ldren t hat readers 
needed accurate ly spelt labels to ident ify what was being 
commun icated through the drawings. In their f inal drawing, 
when most of the children spe lt most of the components 
correct ly, the variety of alternative spelli ngs was not 
evident. 
Children's questions 
At the end of th is exercise, the chi ldren were once aga in 
asked to come together on the mat. Some of the ch i Idren 
had talked about the torch making and explained their 
torch drawing to t he class. Catherine asked the ch il dren if 
they had any quest ions ari sing out of the torch making. Th e 
quest ions poured out (see Figure 4 .8) . 
Harl en and Qualter (2004, p. 30) ident ify five types of 
chi ldren's questions, and suggest techniques for handling 
each type : 
1 questions that are comments or expressions of interest 
ari sing f rom some sti mulus - teachers need to 
ac knowledge t he st imul us 
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2 questions of a philosophical kind - teachers may 
request that the child explain their question 
3 questions asking for factual information - teachers may 
supply the answer directly or suggest a source where 
the child might find it , or undertake to find it at a later 
time 
4 questions that are investigable by the children - the 
time devoted to enabling children to investigate their 
question rather than supplying them with a direct 
answer not only means they will learn more than the 
simple answer, but also means they learn to develop 
the skills and attributes to think and work 
sc ientifi cally 
5 questions that require a complex answer - these may 
be philosophical questions that need to be clarif ied 
with the ch ildren and which can often be turned 
around so that they become questions that are 
investigable. 
Specific investigations: electricity 
sources and receivers 
In the next session, the children began investigating some 
of these questions. Initially, Catherine decided to focus on 
providing an experience with wires, ce ll s and light bulbs to 
deve lop the children's expertise in construct ing circu its. 
While they were on the mat, she introduced them to 
electricians' and scientists' shorthand ways of representing 
switches, light bulbs and so on (see Appendix 4.2 on 
p.I71). 
Some of the questions referred to receivers of energy, 
such as a light bUlb. Others related to the source of 
electrical energy; for example , the cel l, or battery, as it is 
often cal led in everyday language. Catherine decided to 
answer these questions by getting Valda to carry out a 
demonstrat ion in front of the whole c lass. A dead cel l, a 
hacksaw, safety g lasses, a pair of rubber gloves and plenty 
Activity 4.7 Drawing as an assessment strategy 
• The use of pre- and post-drawings is a 
valuable assessment strategy. Devise a set 
of criteria for assessing a set of torch 
drawings. 
• Compare your scheme with one drawn up 
by some student teachers (see Appendix 4.6 
on p. 172). The set of criteria could be used 
as a formative tool to measure the extent of 
individual children's knowledge and 
represent assessment for learning (refer to 
the 'Assessment for student learning' 
section of Chapter 1 on p. 35). Alternatively, 
the change in children's drawings between 
pre- and post-drawings could be used as a 
summative assessment strategy at the end 
of a topic and represent assessment of 
learning. 
Activity 4.8 Questions: their categorisation and links to curriculum 
• In what ways do the children's questions 
differ from yours (see your responses to 
Activity 4.1)? 
• Can you categorise these questions 
according to Harlen and Qualter's five 
categories' 
• Which questions require reference to 
books, videos or other sources of 
information? 
• Which questions are investigable? 
• Which questions are difficult to answer but 
can be turned around and formed into 
questions that are more readily 
investigable? 
• Can you think of other ways to categorise 
the questions? 
• What understandings might develop from 
the investigation of these questions? 
• Where do these understandings fit into 
your science curriculum? 
• 
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of paper provided the materials for her to carefully cut 
open a cell for children to see what was inside . What 
children saw was quite different from what many had 
anticipated. Catherine told them the name and the 
purpose of each component and wrote them on the 
whiteboard . During this process, Catherine explained how 
some things in everyday life, such as a battery, had 
different names in science , such as cell. This highlights a 
'learning demand' for students as they negotiate the 
differences between the everyday and scientific meanings 
of terms (Scott, Asoko and Leach 2007). Catherine 
explained that, to scientists and electricians, a battery was 
two or more cells connected together. 
Specific investigations: 
conductors and insulators 
Some materials allow electric charges (electrons) to be 
transferred through them (conductors) ; some do not 
(insulators) . After the torch making, the putting together of 
circuits and the cutting open of a cell , the children in 
Catherine's class enjoyed taking objects from their 
classroom environment and testing them to see whether 
they conducted electricity. At this point, Catherine decided 
it was an appropriate time for children to learn to connect 
an ammeter into the circuits they now felt confident in 
making. Incorporating the ammeter into the circuits 
enabled chi Idren to see more easi Iy if there was current 
flowing through or not ; a light bulb had proved to be a less 
readily recognisable source of evidence . The children had 
great fun trying not only the group of objects Catherine had 
brought together for them to test, but also almost any 
moveable thing within the classroom. This experience 
provided the children with lots of opportunities to predict , 
test, classify and then generalise. Many decided that things 
containing metal conducted, whereas things made of 
plastic did not. 
Providing explanations for 
electric circuits 
A particle-based approach to explaining electric circuits to 
primary school students is advocated by Summers, Kruger 
and Mant (1998) , in which electricity is associated with 
particles or, more specifically, electrons . Other ideas 
associated with this concept include: 
Electric current co nsists of electrons moving in one 
direction. 
The battery provides th e push to make the electron s 
move. 
The battery voltage is a measure of the push. 
The electrons are already in the wire and the components 
of the circuit (the battery is not the source of 
• 
electric ity). 
Summers, Kruger and Mant 1998, p. 168 
These authors recognise that suc h an explicit 
particulate approach , where current is identified as moving 
electrons and the battery as supplying the push, is not 
common in published materials for primary science. 
However, they have found evidence in their research that 
'supports the view that primary school children readily 
acquire these ideas and use them confidently when talking 
about electricity and circuits ' (Summers, Kruger and Mant 
1998, p. 169). More details about this approach can be 
found in a teaching resource developed by these 
researchers (Summers, Kruger and Mant 1997). 
The initial activity of making a torch develops in the 
students an understanding that a complete circuit is 
required for the torch to operate effectively. The necessity 
for a complete circuit brings into conflict a source-sink 
model (see Figure 4 .6 on p. 154) in which there needs to 
be only a single connection between the battery and the 
bulb for the bulb to light up . Another activity that brings 
into conflict a source-sink model involves providing each 
student with a battery, bulb , bulb holder and one piece of 
wire. Students are then given the task of finding a way to 
make the bulb light up. (Try this out for yourself. How many 
ways can the bulb be lit?) 
A teaching sequence described in Summers, Kruger 
and Mant (1997) began with an initial activity involving the 
building of complete circuits to make the bulb light up. 
Discussions followed as to the children's explanations of 
the necessity for a closed circuit. The teacher then 
presented an alternative view to the students' explanations, 
namely the scientist's view that electri c ity consists of 
electrons (already present in the wire) and a bulb , and that 
a current occurs when the electrons move in one direction. 
These ideas were shown diagrammatically in chart form 
(see Figure 4.9). 
The term 'electricity ' is associated specifically with 
electrons in thi s teaching sequence. Having defined 
electricity in one parti cular way, importance should be 
placed by the teacher on maintaining this definition and 
not changing to other everyday uses of the word , such as 
'energy' or 'power' . 
Electricity 
FIGURE 4.9 A view of electrons moving in a wire 
Different-sized batteries were then given to the 
chi ldren for them to examine. The voltage of the battery 
was explained to the children as a measure of the push 
the battery applies to the electrons in the wire. A larger 
voltage produces a greater push. To bring into confl ict the 
consumpt ion model (see Figure 4.6 on p. 154), the 
teacher introduced an ammeter to test the size of the 
current in different parts of the circuit. Apart from tests 
with the ammeter, the teacher also introduced devices 
(for example , buzzers) that on Iy allow electrons to pass 
through them in one direction. These demonstrations 
reinforce the view that electrons on ly travel in one 
direction from the push applied by the battery. Another 
reason for using other devi ces (not necessarily ones that 
allow current in only one direction) is to provide a wider 
( 
Bicycle chain 
FIGURE 4.10 Bicycle chain analogy 
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Electric current 
Source: Summers, Kruger and Mant 1998, p. 158 
range of experience so that children do not view the light 
bulb as a unique object. Sma ll motors are examp les of 
such a device. 
To reinforce and develop the ideas already introduced, 
the teacher then presented the students with a bicycle 
chain analogy. In this analogy, as with all analogies, links 
are made between the analogue and the target 
phenomenon. The analogues of the l inks in the cha in, the 
pedals and the wheel are compared, respectively, to the 
target electrons, battery and the bu lb (see Figure 4 .10). 
From thi s analogy, the moving links represent the electric 
current and the push on the links by the pedals (from the 
cyc list) represents the push on the electrons by the battery. 
This analogy is useful in helping to convince a child that 
Electric cu rrent 
_J 
Source: Summers, Kruger and Mant 1998, p. 161 
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current is not used up (consumed) by the bulb in a simple 
circu it. 
While this analogy is successful in presenting the view 
that current is conserved in the circui t , ch i ldren still cling 
strongly to the idea that someth ing is used up in the 
c ircuit (Summers, Kruger and Mant 1997) . After all , why 
does the battery run flat and why do we have to pay for 
electri city? It is energy transformation, not current, that 
accounts for the something that is consumed . Therefore, 
energy transformation and current conservation need to 
be made exp licit in the introductory teaching of 
electricity . The bicycle chain analogy shou ld then be 
extended to inc lude the cyc list. Thi s 'human ' energy goes 
into turning the back wheel (motion energy). As the 
cyc l ist pushes on the pedals, he or she becomes fatigued 
and loses energy. 
The bicycle chain analogy accounts for the following: 
• The bulb does not glow if there is a break anywhere in 
the ci rcu it - the cogwheel does not spin if there is a 
break anywhere in the chai n. 
• The current is conserved (same everywhere in the 
c ircuit) - no links get lost and the number of links 
moving past a particular part of the chain is uniformly 
the same all along the chain. 
• The bulb lights almost instantaneously when the battery 
is connected - the wheel turns at the same time there is 
a push on the pedals. 
• Energy travels from one location to another for the 
electri c circuit and the bicyc le. However, in the electric 
c ircuit , energy is transformed whereas in the bicycle, 
energy is transferred. 
• A switch turns the bu lb off - the brake stops the wheel. 
However, whereas the bulb turns off almost 
instantaneously when the switch is opened, the wheel 
may take some time to stop when the brake is app lied. 
The use of analogies helps in providing students with 
a view of the world that can't be accessed; electricity is 
an unseen phenomenon . Analogies help in understanding 
the relat ionships of the different concepts associated with 
the topi c of electricity , and their use in teaching this 
topic is widespread . Chiu and Lin (2005) have suggested 
that the use of well-chosen analogies can not only 
promote profound understanding of topics such as 
electricity but can also help students overcome their 
misconceptions. 
It is important to note that the use of analogies may not 
be an effect ive pedagogic tool for students' understanding 
if attention is not given by the teacher to use of an 
analogue th at students have experi enced, generally, in their 
daily lives . From this perspective, the bicycle cha in analogy 
is an appropriate one as most children have had experience 
riding bicycles. 
Confu sion can surface for chi ldren when they 
in advertently connect unlike aspects that an analogue has 
with a target concept. It is recommended that teachers 
exp lore with chi ld ren the similarities and differences 
between the concept being explored and the analogue it is 
being linked to. In the bicycle chain analogy given above, 
some of the d ifferences between the analogue and the 
target are: 
• For most children's bicycles, one doesn't need to always 
keep pedalling for the back wheel to turn around . This 
wou ld suggest that when you disconnect the battery, 
the bulb should keep glowing for a little while. In 
reality, the bulb stops glowing immed iately the battery 
gets disconnected. 
• There isn't an effective bicycle chain mechanism to 
explain what happens in series and paral lel circuits . 
A number of analogies are used to expla in electrica l 
phenomena , many of which are applicab le for secondary 
school students or for teachers to assist their own 
understanding - examp les of various analogies are 
described in Cosgrove (1995), Dupin and Joshua (1989), 
Heywood and Parker (1997) and Jabin and Sm ith (1994). 
One such analogy, which is often used in secondary 
schools, uses a water reticu lat ion system to model series 
and parallel circuits. Students often have difficulty 
understand ing th is analogy because of their limited 
exper iences with water reticu lation systems. 
Apart from the bicycle chain analogy, role-play-type 
analogies are also usefu l for primary school students. 
Catherine used a role-modelling activity (McClintock 
Collective 1988, pp. 218-25) with the children in her 
c lass. This approach is similar to one that Brigitte, a New 
Zea land teacher, used in her c lasses to help make the 
unseen or invisible more easily understood (see Figure 
4 .11). It is important that, when students engage in 
science, multi modal forms of representation are employed, 
particularly where the processes underpinning a 
phenomenon are not seen, as happens in electric circuits . 
While the sim ilarities and differences between the 
analogy and the target phenomena have been discussed for 
the bicycle chain analogy above, Activity 4.9 asks you to 
undertake th is task. 
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Th is is a role play activity used to explain some of the potentia l ly confusing concepts involved in understanding more 
about electricity. It can be used for students of all ages and the discussion extended or simp lified to su it the age and 
understanding of the students. It involves going outside and setting up a circu lar running track with several 
obstacles in the way. The obstacles may be benches to jump or climb over, tyres to step in and out of or playground 
bars to swing along. You explain the track to the students. Then you position them one after the other along the 
track in starting positions, emphasising that they are not to pass each other and must try hard to keep the group 
together and not straggle. The final incentive is to tell them before they start moving around the track that you have 
a bag of sweets and that they wil l get a sweet each time they pass you. So, say 'Go ' and let them run around the 
track severa l times. 
After everyone has completed the circuit several times a discussion on the process can be started. The question 
is: How was what we just did simi lar to electricity making our light globes glow? The chi ldren will come up with 
many ideas j fo r example: 
The tra ck was the electrical circuit. 
The teacher was the battery or energy source giving each student new energy to run the circuit again . 
The students were the charges running around and around the circuit. Note that they flowed around the 
circuit together as a group. Individua lly, they are electrons making up the current. 
The obstacles represent light globes or other app l iances in a circuit. 
The obstacles required a lot more energy to pass through or over than just running on the track . The energy 
used in passing is the voltage. Globes use a lot of voltagej the wires themselves require little voltage . 
At the end of the circuit, the runners were rewarded with a sweet. This represents the current getting another 
boost of energy or voltage to send them around again . 
This role play can be extended. 
track = circuit 
sweets from teacher = battery or energy source 
students = charges 
energy = voltage 
One student can sit on the sidelines and count the number of chi ldren who pass in a minute (or a few minutes) . 
This represents the ammeter. 
You cou ld add a short circuit potentia l to your track by g iving the students the option of missing one of the 
obstac les. Observe the ir choices and discuss what happens in a real circuit with most of the current taking t he 
easiest and least energy-intensive route, but with some still choosing to complete the obstacle course. 
The energy is all used up when the current returns to the battery. It must be given a boost before flowing around 
again. This can be shown in class using a voltmeter in a circuit connected around the battery. 
battery or energy source = energy giver 
current = flow of electrons 
voltage = energy used 
Hopefully, this c larifies some key words and concepts about electricity and is a lot of fun as we ll. Good luck. 
FIGURE 4.11 Brigitte's role-modelling of an electric circuit 
Source: (Acknowledgement to Brigitte Glasson, Christchurch, NZ) 
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Activity 4.9 Role-modelling of electric circuits 
Try Brigitte's role-modelling approach in your 
whole group. 
• How does it help to clarify your 
understandings of electricity? 
• What analogy is being used? 
• How is this analogy similar to and different 
from electricity? 
Teaching and learning about 
electric circuits with animated 
simulations 
In recent times there has been a growing trend to use 
highly illustrated 'static' visual representations rather than 
relying on largely text-based representations of information 
(Lowe 2003). The introduction of newer technologies to 
instruct ion has led to the use of dynamic visual 
representations such as animations. These are often used 
to show learners something that can't be seen in the rea l 
world, such as the movement of molecules (Ainsworth 
2008) . In the case of electric circuits, animations can 
assist learners in visual ising the motion of electrons and 
can highlight key ideas, such as that electrons are already 
contained in the wire and that an electric current is the 
movement of electrons in one direction . While it has been 
recognised that animations may playa role in engaging 
students, this may not be the case in supporting the 
learning of science ideas shown in the animation (Lowe 
2003). Non-interactive animations can contain too much 
graphical information that is constantly changing, leading 
to the learner missing the key features of the animation 
that explicate the science idea. On the other hand , 
interactive animations that allow the teacher and/or student 
to control the rate of the animation may provide more 
opportunities for the learner to appreciate the science idea 
being shown. As with analogies, it is important for the 
teacher to discuss with their students those features of the 
animation that match the target phenomenon, as well as 
pointing out those features of the animation that don't. 
• How does this analogy compare with the 
bicycle chain analogy described above? 
• What is your preferred analogy for 
electricity or an electric current? 
• How is your analogy similar to and 
different from electricity? 
• 
This can be more easily achieved if the teacher has some 
control over the running of the animation. 
Hennessey, Deaney and Ruthven (2006) have 
suggested that interactive simulat ions may be used by 
students as a reasoning tool whereby they can explore 
and visualise the consequences of their reasoning. 
Interactive simu lations give instant feedback in the form 
of dynamic graphics or numerical representations of how 
variables are interrelated. The University of Colorado has 
produced Web-based interactive simulations that are 
freely available for teachers to use (see http:// 
phet.colorado.edu/index.php). One such interactive 
simulation is a circuit-construction kit (see Figure 4 .12). 
Learners are able to construct their own ci rcuits that 
may include any number of batteries , bulbs, switches 
and resistors. The construction kit also allows learners to 
take quantitative measurements using a virtual ammeter 
or voltmeter. The students are able to test the 
functionality of their constructions, where a closed 
circuit is represented by the bulb that glows and the 
movement of electrons is represented as spheres within 
the wires moving around the circuit (see Figure 4.12). 
Students might use the circuit-construction kit as a 
reasoning tool to explore various features of a 
functioning electric ci rcuit; for example, the electric 
circuit will not function unless there is a continuous 
conducting loop for the electrons to flow. Students might 
also examine the effect of placing a switch into various 
parts of the ci rcuit. 
The students might be given problems that require the 
construction of comp lex circuits , such as 'Build a circuit 
. 
Eile .Q.pdons tle lp 
FIGURE 4.12 Circuit-construction kit (DC only) 
_ that uses two batteries, two bulbs and three 
• switches, where one switch operates all bulbs and 
each of t he other switches on Iy operates a single 
bulb'. The students might then use the construction kit to 
test out thei r ideas in constructing a virtual circuit, and 
t hen build the actual circu it using real electric 
components. While there are benefits for students in 
building and testing electri c circuits usi ng computer 
simu lations, such activities should not be seen as 
substitutes for practi cal act ivit ies with real electri ca l 
components, but as complementary to one another 
(Jaakkola and Nurmi 2008). 
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Unanswered questions 
A chi ld in Catherine's classroom has a father who is an 
electrician. Catherine invited him to the school for the class 
to meet and to ask him questions. The most important 
aspect of this encounter was the emphasis on safety that 
the father reinforced . His story of a workmate be ing f lung 
across a room when he unwittingly touched a l ive wire left 
strong impress ion s on the children . Wh ile the iss ue of 
sa fety had been incorporated throughout the unit, the rea l-
life story from a parent em phasising safety ca ptured the 
issue's importance in a way that was impossib le for the 
teachers involved to match. 
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Assessment of students' understandings 
of electricity 
The omnipresence of electricity in children's lives results in them constructing their own 
understanding of how electricity works, well before they are taught the topic of electricity 
in schools. During this time, a lot of the terminology of electricity is acquired and used in 
non-scientific ways. In addition, many of the children's ideas about electricity are non-
scientific and surprisingly resistant to change (Ships tone 1985). It is important for the 
teacher to assess the students' prior understandings of electricity and then to monitor their 
understandings as they engage in the scientific ideas of electricity within the classroom. In 
other words, formative assessment or assessment for learning_becomes important when 
teaching the topic of electricity. Refer to Chapter 1 for a disc ussion related to the 
pedagogical issue of assessment for learning (see the section 'Assessment for student 
learning' on p. 35). 
Activity 4.10 Assessing Catherine's class 
For this activity, you will need to access the 
part of your syllabus that describes the 
learning outcomes (or levels of attainment or 
standards) and practical skills, practices and 
procedures for primary school children. 
• Read through the activities that Catherine's 
class undertook as part of the interactive 
teaching approach. Using your syllabus, 
determine which, if any, learning 
outcomes, levels of attainment or 
standards, and practical skills, practices 
and procedures match with the activities 
that were undertaken. Does your syllabus 
suggest that Catherine's topic on electricity 
was appropriate to the year or age level of 
her composite years 3 and 4 class (eight- to 
nine-year-old girls and boys) ? 
• Which concepts underpinned the topic of 
electricity taught by Catherine? You may like 
to choose from the list of concepts in the 
later section 'Concepts and understandings 
for primary teachers' (see p. 169). 
• List all the assessment techniques or 
artefacts that may have been assessed in 
Catherine's unit on electricity. Include 
some techniques and/or assessable 
artefacts that might be appropriate given 
the description of the activities that were 
undertaken. 
• From your list, determine those that 
represent formative assessment and those 
that represent summative assessment. Do 
any of the techniques qualify for both 
formative and summative? 
• Refer to the Primary Connections unit of work 
entitled 'It's Electrifying' (AAS 2007) . This 
document describes how diagnostic, 
formative and summative assessment is 
embedded in the SE teaching and learning 
model applied to the topic of electricity. 
Compare and contrast the assessment 
opportunities described in this document 
with those that were adopted by Catherine. 
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Some final comments about 
Catherine's class 
The children in Catherine's class decided they had learnt a lot from this unit on torches, 
though, needless to say, the students still had unanswered questions at the end. In reflecting 
on the key teaching and learning features of Catherine's class, refer to Activity 4.11. 
Activity 4.11 Teaching strategies, teacher roles and thinking 
and working scientifically 
This activity asks you to reflect on the torch 
unit that the children in Catherine's class 
experienced. 
• What teaching strategies did Catherine 
use? 
• Compare your list with a list student 
teachers produced after experiencing the 
same process (see the online Appendix 4.7). 
• Reflect and comment on the similarities 
and differences. 
• What teaching roles has Catherine 
exemplified? 
• Again, compare these teaching roles with 
the list student teachers produced after 
experiencing the same process (see the 
online Appendix 4.7) . 
• Compare them with the suggested roles for 
a science teacher in Harlen (2009) - see the 
online Appendix 1.6 - and refl ect and 
comment on the similarities and 
differences. 
• In what ways were children enabled to 
learn about thinking and working 
scientifically (see Chapter 2) and to develop 
scientific skills and attitudes during the 
torch unit? 
• Where do these skills fit into your science 
curriculum? 
• Catherine adopted an interactive teaching 
approach to her topic of electricity. 
Compare Catherine's teaching approach 
with the SE model advocated by The 
Australian Academy of Science's Primary 
Connections unit 'It's Electrifying' (AAS 2007). 
What similarities and differences do you 
see between these two teaching 
approaches? 
Science as a human endeavour 
There are characteristics of science as a human endeavour that can be readily incorporated 
into lessons focusing on electricity. These include the NOS (e.g., the characteristics of asking 
questions and solving problems) and the influence of science (the effects of science and 
technology on our lives , as well as how science is used) . 
The nature of science 
The Australian national science curriculum (ACARA 2011) describes scientists as people who 
explore the world around them and share information about what they find. They work by 
asking questions and solving problems, creating knowledge that can be used to make predictions. 
These descriptions of scientists' roles are reflected in the activities undertaken by the students in 
Appendix 1.6 
Checklist of notes for 
constructivist teachers 
Appendix 4.7 
Teaching strategies 
perceived by primary 
teachers-to-be 
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Catherine's class. The students began by exploring an everyday electrical device in the form of a 
torch, which led them to asking questions which were subsequently solved by them. 
A key activity of scientists is modelling, which has been advocated above in the use of 
analogical models to explain the behaviour of electrical circuits. In using the animated 
modelling circuit-construction kit software, students get to solve problems, which is another 
key activity undertaken by scientists. 
Activity 4.12 Using models to solve problems 
In this activity you are asked to use modelling 
software to solve some electrical problems. 
Access the University of Colorado's circuit-
construction kit (see http://phet.colorado.edu/ 
en/simulation/circuit-construction-kit-dc) and 
use it to model the electrical circuit for a house 
lighting system that includes the following 
features : 
• All lights in the house can be turned off at a 
main switch. 
• Some lights have their own on/off switch. 
• There are pairs or trios of ligh ts on the 
same switch (such as multiple downlights 
in the one room). 
• There is at least one light that can be 
operated from two switches (such as lights 
in a hallway, with switches at both ends of 
the hallway). 
The influence of science: the effect of science 
and technology on our lives 
There is little doubt that electricity plays a significant part in most people's daily lives . This 
becomes apparent in times of power stoppages. Apart from taking into account the use of 
electrical items, consideration also needs to be given to the role played by electricity in the 
production of non-electrical items. For example, a daily newspaper is not only produced by 
presses that run on electricity, but often contains news items obtained from news sources 
through electronic communication. Students could investigate the way electricity and 
electrical appliances have changed the way we live. This could be undertaken with respect to 
various periods in history; for example, the period of time prior to the introduction of mains 
electricity or the period before the introduction of computers . Students could also explore 
electricity use in isolated communities that don't have mains electricity, or in communities 
that don't use electricity, such as Amish or tribal cultures. 
In Catherine's teaching sequence, she invited an electrician into her class to answer 
students' questions and focus on electrical safety. In this way, she showed how people in the 
local community can use science in a range of ways, and use scientific knowledge to act 
responsibly. Biddulph and Osborne (1984) recommend inviting experts to the school. 
Teachers who have used this interactive approach have brought in many and varied people. 
For example, a local bike shop owner was brought in to answer questions for a unit on bikes, 
a local clock maker for a unit on clocks, a heart specialist for a unit on hearts, a podiatrist for 
a unit on feet, a wildlife specialist for a unit on lizards, an expert in the Indigenous use of 
natural materials for a unit on colour, and a weaver for a unit on dyeing materials . It is not 
always necessary, however, for the expert to come to the classroom. Mary took her class of 
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five-year-olds to the local university to have their questions on smell answered, and for them 
to experience aspects of smell not accessible in their school. Local secondary schools may also 
be able to provide access to equipment and knowledge. 
A recent federal government initiative, the Scientists in Schools program (see http:// 
www.scientistsinschools.edu.aulindex.htm) was designed to engage and motivate students in 
their learning of science, and to broaden awareness of the variety of exciting careers available 
in the sciences . The program is open to research scientists and engineers, postgraduate 
science and engineering students, and people involved in applied sciences, such as doctors, 
vets, park rangers and so on, who go on to work with teachers and their classes in schools. 
When developing a unit, always think about the role your community - colleagues at 
school, parents, and staff at local secondary schools and tertiary institutions, to mention a 
few - may be able to play. 
Summary 
This chapter has explored a complex topic for students and teachers alike. The con cepts and 
understandings for primary teachers listed in the next section have been applied to explain 
the processes involved in the operation of an everyday electrical device such as a torch. Some 
of the difficulties students experience in learning about electrical clrcuits have been outlined. 
A case study about an interactive teaching approach has been given, which focused on a 
teacher who felt she had insufficient background knowledge. This chapter has also given some 
attention to teaching about electrical circuits with the use of analogies, and has provided a 
discussion of the formative and summative aspects of assessment. Finally, this chapter has 
discussed electricity in terms of 'science as a human endeavour' using the characteristic 
themes of the NOS (asking questions and solving electrical problems) and the influence of 
science (the effect that electricity has on our lives). 
Concepts and understandings for primary teachers 
The fo llowing li st of concepts and understandings came 
out of research that identified 'a set of electricity concepts 
wh ich can be acqu ired readily by primary school teachers 
and taught effectively to chi ldren ' (Summers, Kruger and 
Mant 1997, Preface). These concepts and understa ndings 
underpin a scientific understanding of the operation of 
simple electric ci rcuits, such as those found in torches, 
Christmas tree lights and electric blankets. 
An electric circuit is a complete (unbroken) 
pathway. 
Electrons are very, very ti ny particles. 
An electric current consists of a flow of 
e lectrons. 
Electron s are part of all atoms that make up 
all substa nces. 
The electrons are in the wires all the time. 
, 
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Conductors have free e lectrons, which can 
move. 
The battery provides the push to move the 
e lectrons. 
The battery voltage is a measure of the 
push. 
A che mical reaction in the battery creates an 
electric field, which produces the push. 
All the e lectrons move instantaneously. 
The size of the current in a circuit depe nds 
on the resistance. 
A series circuit has all the components in a 
line. There is only one pathway. 
The current is the same a ll around a se ries 
circuit. 
In a series circuit add ing more bulbs increases the 
resistance and decreases the current. The bulbs are 
dimmer a nd equa lly dim. 
A parallel circuit has branches. The re is more than one 
pathway. 
Identica l bulbs in parallel are as bright as one bulb 
alone. The current in each branch is the same. 
The current in the battery leads is the sum 
of the currents in the separate branches. 
In a bulb, moving electrons collide with 
fi xed atoms in the fil ame nt causing them to vibrate. 
The vibrating atoms emit light and heat. 
Summers, Kruger and Mant 1997, p. 15 
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Search me! science education 
Explore Search me! science education for relevant articles on electricity. 
Search me! ~ Search me! is an on li ne library of world-class journals, ebooks and 
newspa pers, incl ud ing The Australian a nd t he New York Times , and is updated dai ly. Log in to Search 
me! thro ugh http:// login .cengage.com us ing the access code that comes with th is book. 
KEYWORDS 
Try searching for the following terms: 
~ Electricity 
~ Teaching energy 
Search tip' Search me! science education contains information fi-om both local and international sources. To get the greatest 
number of search results , try using both Australian and American spellings in your searches: e.g., 'globalisation ' and 
'globalization'; 'organisation ' and organization '. 
CHAPTER 4 Electricity 
Appendices 
In these appendices you will find material related to e lectricity that you should refer to when 
reading Chapter 4. These appendices can be found on the student companion website. Log in 
through http: // login.cengage.com using the access code that comes with this book. 
Appendices 4.1,4.2,4.3 and 4.6 are includ ed in full below. 
Appendix 4.1 Materials for torch making 
Allow for one electrical kit between two ch ildren. 
A kit contains: 
one switch 
two cells 
two battery holders 
five crocodile leads 
two bulbs in bulb holders. 
This kit is required for most of the activities. A plastic lunchbox is an ideal container and readi ly 
ava ilab le. A card of contents attached to the lid makes it easy for the ch ildren to check that the kit is intact 
after use. It is useful to order extra bulbs and bu lb ho lders as these pieces of equipment are eas ily broken. 
Appendix 4.2 Electricians ' and scientists ' shorthand for drawing electrical 
circuits 
Conductor Fuse 
---11 Electric cell (battery) ) Contact 
--111111- Battery ~ Ammeter 
---6- Globe T Junction of conductors 
0 Terminal ~ Bell 
--o~ Switch (open) 
--'\.IV-- Resistor 
--0 0 Switch (closed) 
Appendix 4.3 Answers to electricity questions 
The following are brief answers to the first five question s in a set of nine ( Lee and Law 2001, p. 130) . 
1 Arrangement (a) only. This is the only arrangement that has a complete circuit. 
2 a Model 4. The current remains the same at all points in a series circuit. 
b Place an ammeter into different parts of the circuit to verilY that the current remains the same 
at all points in the series circuit. 
3" a A and B have the same brightness as both bulb voltages are the same (assuming the bulbs 
are identical). 
b The current is the same at a ll points a long the cond ucting path as it is a series ci rcuit. 
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4 There is more current in circuit 1 than in circu it 2 as the resistance in the circuit has increased 
with the added bu lb. The brightness ofY increases (vo ltage increases), whereas the brightness of 
X decreases (voltage decreases). 
5 a The motor's speed will decrease as it now has less vo ltage a nd less current. 
b Moving the position of the motor re lative to the lamp in th e series circuit will not affect the 
motor's speed . 
c The lamp will re ma in at the same brightness, as the lamp'S vo ltage and current wil l remain 
the same. 
Appendix 4.4 Interactive teaching approach 
This on li ne appendix gives an outline of th e in teractive teaching a pproach . 
Appendix 4.5 Morse code 
The morse code for each letter of the a lphabet can be found 'in this online appendix. 
Appendix 4.6 Criteria for assessment of pre- and post-torch drawings 
o some components (switch [s] or battery [b] or bulb [g]) 
a ll components (s, b, g) - no co nn ections 
1Y2 wires and components shown 
2 components wired together (for example, one-way) 
3 some idea of circuit (for example, b or g or s [switch hardest]) 
4 components wired correctly 
5 correct diagram and nice exp lanation 
Appendix 4.7 Teaching strategies perceived by primary teachers-to-be 
A li sting of teaching strategies is given in thi s on line appendix. 
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